Abstract
Introduction
Venous thromboembolism (VTE) is the third most common cardiovascular disease affecting 1-2 per 1000 adults annually [1] . VTE requires acute treatment with low-molecular-weightheparin followed by at least three months of therapy with oral anticoagulants, such as vitamin K-antagonists (VKA) according to the American College of Chest Physicians (ACCP) guideline [2] . Although this treatment strategy is fairly effective in preventing VTE recurrences, it causes major bleeding complications with an incidence of 2-7/100 patient years, [3] [4] [5] [6] which are associated with increased morbidity, mortality, and health care costs [7, 8] .
Identifying patients at high risk of major bleeding events is therefore of importance and would help physicians targeting bleeding preventive strategies, such as adequate control of hypertension, discouraging the use of non-steroidal anti-inflammatory drugs or platelet-inhibitors, and frequent International Normalized Ratio (INR) monitoring. However, externally validated bleeding risk scores with adequate discriminative power are lacking for the VTE population [2] , whereas several algorithms have been developed for patients with atrial fibrillation treated with VKA [9] [10] [11] [12] , including the HAS-BLED score (Hypertension, Abnormal renal/ liver function, Stroke, Bleeding, Labile INR, Elderly, Drugs or alcohol use) [12] . The HAS-BLED score has been validated in several independent cohorts of patients with atrial fibrillation [13] [14] [15] , but it is currently unknown whether the HAS-BLED score accurately predicts major bleeding events in patients with acute VTE.
The aim of our study was to analyse whether the HAS-BLED score accurately identifies patients at high risk of major bleeds during VKA treatment for acute VTE.
Methods
We identified all patients starting VKA treatment for acute VTE (deep vein thrombosis, pulmonary embolism, or both) between January 2006 and March 2007 via records of the Leiden anticoagulation clinic. This timeframe was chosen to ensure sufficient follow-up time for included patients and treatment of acute VTE according to current clinical practice. Patients had to be treated for acute VTE by the affiliated academic or one of the two affiliated non-academic teaching hospitals of this anticoagulation clinic to be selected for inclusion for logistic reasons (Leiden University Medical Center, Leiden; Diaconessenhuis Leiden; and Rijnland hospital, Leiderdorp, all in the Netherlands). VTE diagnosis was objectified by computed tomographypulmonary angiography or ultrasound. Patients were managed according to clinical practice with initial low-molecular-weight-heparin followed by long-term VKA therapy (either phenprocoumon or acenocoumarol). The study was approved for all three participating centers by the ethics committee of the Leiden University Medical Center, Leiden, The Netherlands (approval number P14.017/NV/ib). Patient information was anonymized prior to analysis. The need for informed consent was waived by the ethics committee.
Chart review
Medical records from two sources (i.e. the three hospitals and the Leiden anticoagulation clinic) were searched for information on patient characteristics at baseline, INR-values, major bleeding complications, and items on the HAS-BLED score. These items were assessed at time of diagnosis of acute VTE, except for labile INR, and were scored as follows: Hypertension (i.e. systolic blood pressure > 160 mmHg) one point; Abnormal liver (history of cirrhosis, or bilirubin > 2x the upper limit of normal in association with aspartate aminotransferase/alanine aminotransferase/ alkaline phosphatase levels > 3x the upper limit of normal) or renal function (on dialysis, a history of kidney transplantation, or serum creatinine values > 200 μmol/L) one point each; Stroke (history of) one point; Bleeding (history of bleeding requiring hospitalization and/or bleeding resulting in a decrease in hemoglobin level of > 2 g/L and/or bleeding requiring blood transfusion that was not a hemorrhagic stroke) one point; Labile INR during follow-up (time within therapeutic range < 60%) one point; Elderly (age > 65 years) one point; and Drugs (use of platelet inhibitors or non-steroidal anti-inflammatory drugs)/alcohol use (more than 8 units per week), one point each [12] . Laboratory measurements on renal and liver function were recorded up to six months prior to diagnosis of acute VTE, with a preference for the values closest to the day of VTE diagnosis. Missing variables on the HAS-BLED score were scored as normal (i.e. zero points), since this strategy is widely accepted in clinical application of prediction models [16] [17] [18] . INR-values were measured using HepatoQuick (Roche Diagnostics, Mannheim, Germany). Time within therapeutic range was computed using the Rosendaal method [19] . According to clinical practice within the Netherlands, INR target range was set for all patients between 2.5-3.5, although INR values within a therapeutic INR range of 2.0-3.5 were accepted. Time within therapeutic range was therefore computed using the therapeutic instead of the target range.
Clinical outcome and follow-up
The primary outcome was the occurrence of major bleeding events, defined by the International Society of Thrombosis and Hemostasis (ISTH) criteria; i.e. fatal bleeding; bleeding causing a drop in hemoglobin of at least 1.24 mmol/L; or requiring transfusion of at least 2 units of whole blood or red cells; or symptomatic bleeding in a critical organ or area (i.e. intracranial, intraocular, intraspinal, retroperitoneal, intra-articular, pericardial or intramuscular with accompanying compartment syndrome) [20] . All major bleeds were independently assessed by two researchers (NvH and JK). In case of disagreements, a third researcher (MVH) was consulted. Follow-up was defined as time elapsed between VTE diagnosis and major bleeds, or death, or discontinuation of VKA therapy, with a maximum duration of 180 days.
Statistical analyses
Incidence proportions and incidence rates of major bleeding complications with corresponding 95% confidence intervals (CI) were reported within the total population and for each outcome of the HAS-BLED score (total score ranging from zero to five points). Patients were classified as non-high or high-risk of major bleeding events based on the reported major bleeding rates for each outcome of the HAS-BLED score, with a cut-off of 7.3% as indicated by previous studies within the VTE population [18, [21] [22] [23] [24] , and based on a HAS-BLED score cut-off 3 points as is used for patients with atrial fibrillation [25] . We calculated hazard ratios (HR) of major bleeds comparing high risk with non-high risk patients according to the different HAS-BLED cut-off levels. Additionally, we assessed the positive and negative predictive value, sensitivity and specificity of these HAS-BLED score cut-offs for the endpoint of major bleeds. The predictive value of the HAS-BLED score for the occurrence of major bleeds was analyzed by calculation of the C-statistic (i.e. area under the receiver operating curve) with corresponding 95% CI. We also calculated the C-statistic of the HAS-BLED score without the item of labile INR, as this information is not present at time of VKA initiation in daily practice. Independent predictors of major bleeding events were identified by the use of uni-and multivariate Cox-regression analyses, and their effect sizes were reported as hazard ratios (HR) with corresponding 95% CI. Statistical analyses were performed in SPSS 20.0 (IBM SPSS statistics, IBM Corp, Somers, NY).
Results
In total, 700 patients started VKA therapy for acute VTE during our study period. Of those, 163 were not treated for acute VTE by one of the three affiliated hospitals and were therefore excluded. As a result, the study population comprised 537 patients, of whom 223 (41.5%) were primarily diagnosed with pulmonary embolism, and 314 (58.5%) with deep vein thrombosis. All other patient characteristics at baseline are reported in Table 1 . The medical records of 388 of 537 patients lacked information on one or more items of the HAS-BLED score, most frequently on alcohol use (331/537 patients).
Follow-up on anticoagulant treatment was complete for all patients. Median duration of follow-up was 179 days (2.5-97.5 percentiles 13-180 days). In total, 43 patients (8.0%) died during follow-up, of whom 21 (48.8%) of malignancy. Median time within therapeutic range during the entire duration of follow-up was 78.2% (95% CI 23.8-99.9%), and 21.6% (116/537) of patients had a labile INR according to the definition of the HAS-BLED score (i.e. time within therapeutic range-< 60%).
Major bleeding
During 180 days follow-up, 11/537 patients (2.0%; 5.2/100 person years, 95% CI 2.8-9.2) developed a major bleeding event. Median time to the occurrence of bleeding in those 11 patients was 61 days (min 6, max 148 days). Three (27.3%) of eleven bleeds were gastrointestinal, three (27.3%) intramuscular, one (9.1%) retroperitoneal, and four (36.4%) at other locations. Bleeding was fatal in none of the eleven patients experiencing a major bleeding complication. Mean INR during follow-up was 2.9 (SD 1.1) for patients developing a major bleeding event and 2.8 (SD 0.9) for those who did not (p 0.12).
Test characteristics of the HAS-BLED score
When high-risk of major bleeds was defined by a HAS-BLED score of 3 points or higher as is used for patients with atrial fibrillation, 13.6% (73/537) of patients were identified as high-risk. Cumulative incidences of major bleeds were 1.3% (95%CI 0.1-2.5) in the non-high and 9.6% (95%CI 2.2-17.0) in the high-risk group (p <0.0001 by Log-Rank test), which resulted in a HR for major bleeds of 8.7 (95%CI2.7-28.4) in high-risk patients (Fig 1) .
According to the predefined major bleeding risk cut-off of 7.3% for the definition of highrisk as indicated by previous studies within the VTE population [18, [21] [22] [23] [24] , patients with a HAS-BLED score of 4 (instead of 3) points or higher were classified as high-risk of major bleeding events ( Table 2 ). The HAS-BLED score categorized 15/537 (2.8%) patients as highrisk of bleeding using this cut-off level. Two out of eleven patients (18.2%) who developed a major bleeding event were identified as high-risk by this cut-off point. The cumulative incidences of major bleeds were 2.0% (95%CI 0.6-3.4) in the non-high and 22.1% (95%CI 0.0-49.7) in the high-risk group, (p<0.001 by Log-Rank test, Fig 1) , with a HR of 10.8 (95% CI 2.3-50.0) for major bleeding in high-risk patients.
For both cut-offs on the HAS-BLED score, we reported the positive and negative predictive value, sensitivity and specificity for the endpoint of major bleeds in Table 3 .
The C-statistic of the HAS-BLED score for the prediction of major bleeds was 0.78 (95% CI 0.65-0.91). Excluding the items 'labile INR' or 'alcohol use' (as information on this item was missing in 331/537 patients) of the HAS-BLED score resulted in C-statistics of 0.81 (95% CI 0.70-0.92) and 0.81 (95% CI 0.71-0.91), respectively.
Risk factors for major bleeds
Of the items in the HAS-BLED score, abnormal renal function and a history of bleeding events were independent predictors of major bleeds during follow-up with HRs of 10.8 (95% CI 1.9-61.7) and 10.4 (95% CI 2.5-42.5), respectively (Table 4) .
Discussion
We aimed to evaluate whether the HAS-BLED score predicts major bleeding complications in patients with acute VTE during VKA therapy. Our study demonstrates that patients with a HAS-BLED score 3 points are at 8-fold increased risk of major bleeding complications Blood pressure measurements missing in 169 patients, 3 information on renal function lacking in 114 patients, 4 Information on liver function lacking in 127 patients, 5 28 patients lacking information on previous stroke or TIA, 6 Unknown in 331 patients doi:10.1371/journal.pone.0122520.t001
during the first 180 days of VKA treatment. However, despite a good specificity and negative predictive value, the sensitivity of the HAS-BLED score at this cut-off was only 54.6%. As a result, the HAS-BLED score might not be useful in identifying patients at truly high risk of major bleeding during VKA therapy for acute VTE. Risk stratification has emerged as an important tool for both patient-level decision making and risk assessment and adjustment to improve quality of care. Over the last two decades, several attempts have been made to develop a proper algorithm to estimate the risk of major bleeding events during anticoagulant treatment for acute VTE [21, 22, 24, 26] . Although the RIETE, Kuijer, Kearon, and OBRI scores all reported promising results in their derivation and internal validation studies [21, 22, 24, 26] , their predictive value was reported poor by external validation cohorts, with c-statistics ranging between 0.28 and 0.60 [18, 27] .
The HAS-BLED score has shown to be of predictive value for major bleeds in several external validation cohorts of patient with atrial fibrillation treated with VKAs [15, [28] [29] [30] , but also in cohorts of patients with other indications for the use of anticoagulants [31] [32] [33] . Three previous studies analyzed the predictive value of the HAS-BLED score in VTE patients. The first study was performed in elderly patients (i.e. age > 80 years) and found C-statistic of 0.55, probably among others due to that the HAS-BLED variable 'elderly' (i.e. age > 65 years) has no discriminative power in this population [34] . Two other studies performed in patients with divergent indications for VKA use, such as VTE and atrial fibrillation, reported a C-statistics of 0.57 and 0.67 for the HAS-BLED score for the entire populations, without reporting these figures for the VTE population separately [27, 35] . As neither of these studies reported test characteristics of the HAS-BLED score in the general VTE population, their results are hard to translate into clinical practice. Based on previous studies on major bleeding risks in VTE patients and the incidences found in our study, patients with a HAS-BLED score of four or higher can be regarded as high risk [18, [21] [22] [23] [24] . However, for the atrial fibrillation population a HAS-BLED score of three or higher is regarded as high-risk of major bleeds [25] . Both cut-offs demonstrated to be predictive of major bleeding events during follow-up with a HR of 8.7 for the cut-off of three points or higher and HR 10.8 for the cut-off of at least four points. Nevertheless, 4 of 11 patients with a major bleed during follow-up had an HAS-BLED score of 3 and would have been missed by a HAS-BLED score cut-off of four points or higher, which resulted in a low sensitivity (18%). We therefore regard the use of the cut-off of 3 points or higher more useful for the identification of high risk patients, although this might result in a lower specificity (97.7% vs 87.3%). Implementation of the HAS-BLED score in clinical management of patients with acute VTE should be done with caution. Although a HAS-BLED score of 3 points or higher was shown to be a good predictor and of high specificity for major bleeds in our study, the sensitivity at this cut-off was only 54.6% with a positive predictive value of 8.2%. This means that 92% of patients that are identified as high risk of bleeding during VKA therapy will not develop this event. So how could the HAS-BLED score potentially be used in daily practice of patients with acute VTE? We emphasize that, regardless of the predictive value of any bleeding score, withholding anticoagulants is unacceptable in these patients, including those with a high bleeding risk. However, we do advocate that physicians take appropriate bleeding preventive measures in patients at high risk of bleeding according to the HAS-BLED score, to correct the potentially reversible risk factors such as adequate control of blood pressure, frequent INR monitoring, and withholding non-steroidal anti-inflammatory drugs or platelet-inhibitors. Moreover, patient education about anticoagulant treatment, coaching and self-monitoring of INR values may also help to prevent major bleeding complications in these patients, although the effect of patient education on clinical outcomes remains unclear [36] [37] . Whether the HAS-BLED score can also be used to predict bleeding complications during extended VKA treatment for VTE, or during therapy with any of the novel oral anticoagulants can't be studied in our cohort, and should be focus of future research.
Our study adds clinically relevant information to the research field as we analysed the discriminative value of a simple algorithm for the endpoint of major bleeds, of which the items are readily available in daily practice. However, some aspects of our study warrant comment. First, due to its retrospective design, 388 of 537 patients had missing information on one or more items of the HAS-BLED score, most frequently on alcohol use (lacking in 331 patients). These elements were analyzed as normal (i.e. zero points), as indicated by previous studies [16] [17] [18] . This could have resulted in an underestimation of a patient's bleeding risk as assessed by the HAS-BLED score. Importantly, sensitivity analyses excluding either patients with missing items or including all patients but excluding the item of alcohol use on the HAS-BLED score demonstrated similar results on the discriminative value of this bleeding score (data not shown). Second, we cannot exclude that some major bleeding events were missed, as we based our results on information available in medical records at the participating hospitals and anticoagulation clinic. However, major bleeds are serious medical events leading to evaluation in a hospital setting and thus unlikely to be missed in medical records. Moreover, our reported major bleeding incidence rate of 5/100 person years compares well to the existing literature [3] [4] [5] [6] , which makes it unlikely that events were missed. Third, the number of major bleeding events in our cohort was limited (i.e. eleven). It would therefore be valuable if the results of our study would be confirmed by larger cohorts of acute VTE patients. Fourth, we excluded 163 of 700 patients as they had not been treated for their acute VTE event by one of the three designated hospitals. However, it is unlikely that this would have had an impact on the discriminative value of the HAS-BLED score, as this exclusion criterion was solely based on geographics and not on relevant patient characteristics. Fifth, we did not perform a formal power calculation. However, our sample size is in line with that of previous validation studies on bleeding risk scores in the acute VTE population [18, 27, 35, 38] .
In conclusion, patients with acute VTE and a HAS-BLED score of three points or higher are at high risk of major bleeding events during anticoagulant treatment. These results warrant for correction of the potentially reversible risk factors for major bleeding and careful INR monitoring in acute VTE patients with a high HAS-BLED score. 
